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This invention relates broadly to the oxidation 
of acidic sulfur compounds, and more speciflcally 
to the conversion of acidic sulfur compounds in 
hydrocarbon fluids to non-acidic compounds of 
better odor, and to the regeneration of alkali 
solutions which have been used to extract such 
sulfur compounds rom hydrocarbon fluids. 
If is well known that hydrocarbon oils such 
as gasoline, and other distillates, can be sweet- 
ened by oxidizing acidic sulfur compounds, such 
as mercaptans, contained in such distillates in 
the presence of an alkali solution containing a 
small amount of a phenolic oxidation promoter. 
Compounds which have been used as oxidation 
promoters are polyhydric phenols which are 
capable of being oxidized te the quinone form, 
and tannic acid. 
If is also known to extract acidic sulfur com- 
pounds such as mercaptans from hydrocarbon 
fluid by means of alkali solutions and to regener- 
are such solutions by means of ai, or other 
oxidizing agent in the presence of a small amount 
of a phenolic oxidation catalyst. 
I have discovered that the catalytic effect of 
hydroxy aromatic compounds and substances 
containing the saine as oxidation promoters is 
enhanced by substituting one or more alkox- 
groups for hydrogen in a benzene ring to which 
the hydroxy groups are attached. Those aromatic 
compounds containing a single benzene ring with 
at.least two hydroxy groups attached thereto in 
positions either ortho or para to each other are 
preferred. One or more alkoxy groups may be 
substituted for hydrogen in the benzine ring. As 
examples of compounds which I bave round to be 
effective as oxidation promoters may be men- 
tioned 3-methoxy catechol, 3-ethoxy catechol, 3- 
isopropoxy catechol and the corresponding hydro- 
quinone isomers. In order to demonstrate the 
effectiveness of the alkoxy group in enhancing 
the oxidation promoting abflity of a compound, 
a series of tests were run in which 1% by weight 
of n-butyl mercaptan was added to an .aqueous 
solution containing 10% by weight of caustic 
soda. 50 cc. of the resulting solution was placed 
in a 100 cc. graduated cylinder filled to the 75 
co. mark with No. 4 glass beads. Air was bubbled 
through the solution for one hour at the rate of 
0.03 cubic foot per hour by means of a tube 
reaching to the bottom of the cylinder, ifter 
the solution had been blown for one hour with 
air at room temperature (approximately 75 ° F.) 
it was extracted with approximately 100 cc. of 
V. iI. P. laphtha to remove the disulfides that 
hd  ormed, The resulting nphth contining 
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the disulfldes was treated with acidic silier 
nitrate fo remove any unoxidized mercaptans and 
the solution was then analyzed for disulfldes. 
The foregoing test was marie on a blank alkali 
solut2on and on solutions containing 1% each 
of the following substances: catechol, hydro- 
quinone, 1-monomethyl ether of pyrogallol, 1- 
monoethyl ether of pyrogallol, 1-monoisopropyl 
ether of pyrogallol and U. O. P. Inhibitor No. 1 
(a hard wood tar fraction boiling between 240 
and 300 ° C.). The results of the tests are tabulat- 
ed in the following table: 

Table 

Solution 

Percent of the 
butyl mer- 
captan 
oxidized 

10% aq. Na0H ...................................... 0. 9 
20 10% aq. Na0H, 1% Catechol ...................... 4, 7 
10% aq. NaH, 1% Hydroquinone ................ ï_ï_ 14. 6 
10% aq. Na0H, 1% 1-1Ionomethyl Ether of Pyro- 
gallol (3-methoxy catechol) ......................... 20. 7 
10% aq. Na0H, 1% 1-1Ionoethyl Ether of Pyro- [ 
gallol (3-ethoxy catechol) ........................... I 18.7 
10% aq. Na0H, 1% 1-1Ionoisopropyl Ether of Pyro- I 
gallol (3-isopropoxy catechol) ................. 
 10% aq. Na0H, 1% U. 0. P. Iuhibltor No. 1.__:_-':'-] 46.4 
_ __ 19.8 

From a comparison of the amount of butyl 
mercaptan oxidized with the various phenolic 
compounds if is evident that the .addition of the 
o alkoxy group improved the ability of catechol 
te oxidize the butyl mercaptan to disulflde. If 
is also evident that 1-monoisopropyl ether of 
pyrogallol had a much greater effect than the 
other two ethers tested. The branched-chainel 
3J alkyl groups are more effective than straight- 
chained alkyl groups in enhancing the catalytic 
property of the phenol. 
The 1-monoisopropyl ether of pyrogallol was 
prepared in the following manner: 60 g. pyro- 
40 gallol was dissolved in 400 cc. formula 30 alcohol. 
30 g. of KOH was added and the mixture was 
heated to the bofling point and 125 g« of isopropyl 
iodide was added dropwise. The mixture was 
refluxed for 10 hours and most of the solvent was 
45 distilled off. Then 400 cc. of water was added 
to the residue and the solution was acidified with 
- dilute HC1. The solution was then extracted 
three rimes with ether. The ether was distilled 
from the ether extract and the residue was dis- 
50 tilled under reduced pressure. The fraction 
boiling at 145 ° C. at 15 mm. pressure was collected. 
The material was crystallized from benzene to 
give a product having a melting point of 117 ° C. 
Recrystallization of this material from benzene 
5 gV¢ a pr0duct having a melting point of 118 ° C. 
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A third crystallization gave a material whose 
melting point was also 118 ° C.,, thus showing that 
the compound was pure. 
Alkali solutions containing alkoxy-substituted 
phenols are useful as oxidation promoters ïor 
oxidizing acidic sulfur compounds by means of 
air or other oxygen-containing gas. Alkoxy- 
substituted phenols are aiso useful as oxidation. 
catalysts in the regeneration of alkaii solutions 
which have been used to extract acidic sulfur 
compounds ïrom hydrocarbon flfids such as 
hydrocarbon oils and gases, as well as other fluids 
which are immiscible with the ' aikl! solution. 
They are particularly useful in the regenerati0 n 
of aqueous and alcoholic aikali solutions which 
have been used to extract mercaltans from 
gasoline and other light hydrocarbon distitlates! 
Catalysts in accordance with my invention are 
useful in connection with both aqueous and.non- 
aqueous alkaii solutions, as ïoï example solutions 
of-alkaii in monohydric and polyhydric a!cohols 
aïd]etones. Examples of solvents 0ther than 
Wtêr which may be used ïor the. alkaii are 
mehyl, alcohol, ethyl aicohol and gycol, and 
m]xturês thereof wïth each other ard/or with 
vaer. 
'If the invention is used ïor converting sul£ur 
compounds from an acidic or maiodorols. ïorm 
to a n0n-acidic or ïorm having a sweekodor, 
the fluid containing such acidïc sulïur com- 
p0unds is contacted with air, or other oxygen- 
c0ftaining gas in the presence o aikali soltion 
non-miscible therewith containing a smail 
amount of the oxidatïon promoter. Alkali solu- 
tions containing approximately ïrom 5 to 30% 
by weight of ïree alkali moral hydroxide, prefer- 
ably sodium or potassium hydroxide, are pre- 
ferred. The catalyst may be present in amounts 
ranging from approximtely 0.1 to 3% by weight, 
and ordinarily about 1% of catalyst is satis- 
ïcory. The fluid and the alkaii maY be brmght 
into contact in any suitable ïashion, as ïor ex- 
ample by flowing the fluid and oxyger-conta}ning 
gas in countercurrent contact with the solution 
in a packed tower. Where the purpose, is to 
sweeten the fluid, the rate of addition of oxygen- 
containing gas used will be regulated so as not 
to. cause undue loss of light constituent o. the 
hydrocarbon or other fluid being treated by.being 
carried, away in the exhaust gas. Oxidation. 
should be controlled so as to prevent destruction 
of  the cataiyst by oxidation. The. amoun.t.of 
alkali solution in relation to. the. hydroçarbon. 
or 0ther fluid being treated may vary 0ver-.wïde 
limits, but I prefer fo use a ratio of 5 to-50 parts 
of-aikali solution to 100 parts of hYdrocarbon 
or other fluid being treated. 
Where the object of the invention is to regener-- 
are aikaii solution which has been usçd to extract 
mercaptans or other acidic sulfur compounds 
fr6m the hydrocarbon or other fluid,, the fluid 
is contacted with a suitable aikaiine solution as. 
hëreinbefore described in connécti0n with .sweet 
ening, under non-oxidizing conditions in a 
countercurren t contact tower. " Thê.rat!0. of 
solution of hydrocarbon or other fltùd undergoing 
treatment will be approximatelY' 5t0 5  PartS 
by volume of. solution to 100 parts of fluid. The. 
aikaii solution after contact with the hydrO- 
crboi or other fluid is separated therefrom and 
regenerated in a separate regenerating tower y 
coitact with. air. or other oxi.dizing gas,. the 
amount of air or oxidizing gas. being regu!ated 
so/as to avoid destnctïon of the cata!Fst. The- 
caalysts used in m F invention are .suscçptible...tO7 
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destruction by overoxidation. n order to pro- 
vent destruction of the catalyst the mercaptide 
or acidic sulïur conent of the alkali solution 
should be reduced to as low a point as possible 
without causing destruction of the cata!yst. The 
point to which the mercaptans, or oher acidic 
compounds can be reduced will depend upon the 
speciflc catalyst used, but ordinarily should hot 
be reducede below approximately 0.05% by 
weight of mercaptan sulïur, anoE preïerably hot 
below. 0.2%. oï. mercaptan sulïur. Care should 
be, exercised o prevent accumulation of heavier 
mercaptans in the !kal solution since such 
pmmdS may re-enter the hydrocarbon or other 
fluid with which the regenerated solution is con 
tacted. t is advisabl to permit the regenerated 
sution to stand for a period of approximately 
15 to 30 minutes aïter regeneration before con- 
tac,ting it with additional quantities of fluid in 
order t0 allow rime for any quinones formed 
durig, the.regenerton step to be..r_e.duced, back 
to.th e hydroqinonçïorm.. When..the..inyenipn,. 
iS use.d 0ç exçracçing, hgh" b0img.ms-cptan. 
such as..propyl, btyl an!, othe.r 
having a higher numbç of carb0n.at0ms._ï the 
molecu!e, it may be. advisable during, th rgçnezr 
ation stag to add lïghter mercaptans o the alkali. 
solution in order to prmït the. aoe.to rem.ove the 
heavier mercaptans, substaiallF, c0mplçe by. 
oxydation, and leae..lighter bofiig mer_cptans., 
in the solution o protect,the caaiYSt_ïr0m, overr 
oxidation. The total mercaRtan sulu..rcmaiDing,. 
ïn the solution afte regeneration sh0fid not 
ceed approximaey 0.7%, and the:t0ta! 
of mecaptans bOfling aboye, pçopyl, mercapa 
should not.be more than ab0ut.0..2%. 
viously pointed out, if care is not takÇ2. dlring  
the regeneration st ag%. n0t only. do., soin «of 
the cata!yst romain .in .the sçtipn in. the«q 
non e .form which wïl! causÇ oxidat!0n. 
compounds in situ in hç fiuid t0.be, trCate.d,. 
a portion or ail of th caalyst maFbç de_stz0yed. 
bY oxidation. 
Instead of usïng puçe .com0unds as. catalysts 
substances containing alkoxy hydroxy aromatic 
compounds of the type hereinbefore describ, ed 
may be used. One such substance is high bofling_ 
hard .wood tar such as the .ïraction o_f maple or 
beeclwood ta-boiling between approximately 240 
and 300 ° C. Such tars are.knon to contain 
mono-alkyl ethers. 0ï.pyrogallo. ' " 
In order to ïunction as catalysts compounds 
used in accordance wth my invention sh0uld.be 
soluble in the álkaii Sol,ution. In. the event the 
compmmd or substance i not soluble in the 
amount desired solubilizing agçnts may be a.dded 
to cause the comPOund or substance 
lution. For example, a small, am0nt of com 
merciai creso!s .will-solubilize many compgunds 
and substances in aqueous aikali, solution. 
It is tobe underSto0dtha  th.e. rate Of_ ai.blp wr 
ing used. in the sl0eciç .ex,top!es herein dis.çlosed. 
is not tobe consdered as the mos t dÇsirable.rate  
for commercial oPeratfon. ObFiously whee_ 
lar ge scal equipment is..sÇd, thç.ra oï..air, blovr 
ing will considerÇbly. exced that. us.ed : in thon« 
tests. The rate ornait, b!owing..inayvary..w.it.!in 
wiïlçlimits açd-.will.b ¢ adjused.in, acçordnçe 
with the size nd tFpe of equpme.nt .usÇd_in the  
regeneration stop t0 obtain mçst rapid.regÇnera 
tion with minimum loss of solution by.caz.ry-over. 
in the .exhaust air. 
Either sweetenïng or air .regÇneat, my .b 
conducted at ordinar F atmospheic temp_eratures. 
TemPert!çes :betwee.n.60 ° F ard 10.  F. arÇ.ï 
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satisfactory. Lower or higher temperatures may 
be used. However, ]ower temperatures require 
longer periods for sweetening and regeneration, 
whereas, higher temperatures are not desirable 
because of the possibility of forming undesirable 
oxidation by«products. 
This application is a continuation-in-part of 
my application Serial No. 53oE,969, which in turn 
is a continuation-in-part of application Serial 
No. 532,000 (now Patent No. 2,369,oE71) ; which in 
turn is a continuation-in-part of abandoned ap- 
plication Serial No. 42150 filed December 1, 1941. 
It is claimed: 
1. The method of oxidizing acidic sulfur com- 
pounds of the type which occur in hydrocarbon 
oi]s comprising contacting said compounds with 
an oxidizing agent in the presence of an alkali 
solution containing a small amount of an oxida- 
tion promoter, said promoter being a dihydroxy- 
alkoxy benzene in which the hydroxy groups are 
adjacent to each other, and controlling the oxi- 
dation to prevent oxidative destruction of said 
promoter. 
2. Method in accordance with claim 1 in which 
the alkoxy group is in position 1 and the hydroxy 
groups are in positions 2 and 3 on the benzene 
ring. 
3. The method of sweetening hydrocarbon off 
containing mercaptans comprising contacting 
said oil with oxygen-containing gas in the pres- 
ence of an alkali solution containing a small 
amount of an oxidation promoter, said promoter 
being a dihydroxy-alkoxy benzene in which the 
hydroxy groups are adjacent to each other, and 
controlling the oxidation to prevent oxidative 
destruction of said promoter. 
4. Method in accordance with claim 3 in which 
the promoter is a propoxy catechol. 
5. Method in accordance with claim 3 in which 
the promoter is 3-isopropoxy catechol. 
6. The method of regenerating a]kali solution 
containing acidic sulfur compounds extracted 
from hydrocarbon fiuid immiscible with said so- 
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lution comprising contacting said solution with 
oxygen-containing gas in the presence of a small 
amount of an oxidation promoter, said promoter 
being a dihydroxy-alkoxy benzene in which the 
5 hydroxy groups are adjacent fo each other, and 
controlling the oxidation fo prevent oxidative de- 
- struction of said promoter, and removing the 
oxidized sulfur compounds from the solution. 
7. Method in accordance with claim 6 in which 
10 the alkoxy group is in position 1 and the hydroxy 
groups are in positions 2 and 3 on the benzene 
ring. 
8. Method in accordance with claim 6 in which 
the promoter is a propoxy catechol. 
15 9. Method in accordance with claim 6 in which 
the promoter is 3-isopropoxy catechol. 
10. The method of oxidizing acidic sulfur com- 
pounds of the type which occur in hydrocarbon 
oils comprising contacting said compounds with 
20 an oxidizing agent in the presence of an alkali 
solution containing a small amount of a propoxy 
catechol as an oxidation promoter and controll- 
ing the oxidation to prevent oxidative destruction 
of the promoter. 
25 11. Method in accordance with claim 10 in 
which the promoter is 3-isopropoxy catechoL 
DONALD C. BOND. 
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